Background: Non-communicable diseases, including hypertension, are increasing rapidly in resource-poor, developing countries amongst populations transitioning from traditional to westernised lifestyles; and are associated with excess weight.
Introduction
Hypertension is a leading cause of morbidity in middleincome countries. It is gaining significance in low-income countries, contributing to an increasing global disease burden. 1, 2 Underdiagnosis and/or inadequate treatment of hypertension may cause organ damage and premature death, 1, 3 affecting the economy of a country and making prevention and early intervention important objectives for health authorities worldwide.
It has been estimated that hypertension accounted for 9% of deaths in South Africa in 2000, making it the second-highest cause of mortality after sexually-transmitted diseases. 2 South Africa has been undergoing a transition from traditional diets and more active lifestyles to typically Western diets and more sedentary practices. These trends are associated with the high prevalence of obesity amongst black South Africans, particularly women in urban areas. 3 A strong relationship exists between body weight and blood pressure, with the risk of developing hypertension being two to six times higher in overweight than in normal weight individuals. 1 Overweight and general adiposity are associated independently with an increased risk for heart failure. 4 A strong relationship also exists between the degree of obesity as measured by body mass index (BMI) and waist circumference (WC), and the prevalence of ischaemic stroke, regardless of gender or race. 5 Weight loss as a first-line treatment for lowering blood pressure is therefore generally recommended. 1, 3, 6, 7 It has been found that 5.1 kg of weight loss caused a reduction of 4.44 mmHg and 3.57 mmHg in systolic and diastolic pressure, respectively, translating to a reduction of 1.05 mmHg in systolic and 0.92 mmHg in diastolic pressure per kilogram of weight lost. 7 Markers of general obesity and indicators of abdominal obesity are good predictors of cardiovascular risk. Waist circumference (WC), waist-to-height ratio (WHtR), BMI and visceral fat percentage are strong predictors of arterial stiffness in morbidly obese female patients. 8 The World Health Organization (WHO) recognises two thresholds for abdominal obesity as measured by WC, depicting different levels of risk for metabolic (including cardiovascular) complications. Increased risk is at a WC of > 80 cm in women and > 94 cm in men, with substantially increased risk at a WC of > 88 cm for women and > 102 cm for men. 9 Even a WC within the higher parameters of normal cut-off points is associated with a high prevalence of hypertension in older adults, independent of BMI and other hypertension risk factors. 10 The risk for metabolic complications occurs at different levels of adiposity (indicated by BMI) and central obesity (indicated by WC) in different populations. It has been recommended that the current BMI cut-off points should be retained as international classification, but that more detail be added for reporting purposes (18.5 Different ethnicity-specific cut-off points have also been suggested for WC. 12 As no ethnicity-specific WC recommendations exist for South Africans, the recommendations for sub-Saharan Africa 13, 14 (80 cm for women; 94 cm for men) can be considered, which are approximately 10% lower than the recommendation for North Americans.
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WHtR is regarded as a better and more sensitive obesity marker than BMI for predicting hypertension and as an early marker of metabolic health risks. 15, 16 An advantage of WHtR is that the same cut-off point (0.5) can be used for both men and women of different ethnic groups. 15 Body adiposity index (BAI), a direct estimate of percentage body fat calculated from hip circumference and height, is an easily-obtained measure to predict the risk for obesityrelated diseases. 17 Despite strong evidence that supports the association between body weight and hypertension, Schutte et al. 18 failed to show a strong relationship between obesity markers (BMI and fat percentage) and blood pressure amongst black South African women.
The high prevalence of HIV infection in South Africa should be considered. Hypertension is equally common amongst both HIV-infected and -uninfected individuals. Although multivariate models link increasing age, higher BMI, longer duration of infection and diabetes to hypertension in HIVinfected populations, the prevalence of hypertension is apparently not influenced by HIV status or the use of highly active antiretroviral therapy (HAART). 19, 20, 21, 22, 23 The Assuring Health for All in the Free State (AHA-FS) study investigated the double burden of infectious diseases and undernutrition, on the one hand, and obesity and its comorbidities on the other, in a low-income, black, urban community in central South Africa. Hypertension occurred in 56.9% (n = 415) of the study population and mean systolic and diastolic blood pressure measurements were 135.5 ± 23.9 mmHg and 89.8 ± 17.4 mmHg, respectively. 24 The high prevalence of hypertension in this population was the motivation for investigating its primary causes. The objective of this substudy, therefore, was to invesitgate to investigate the relationship between blood pressure and various indices of body adiposity (BMI, WC, WHtR and BAI) in a transitioning urban black population, whilst taking into account the influence of HIV.
Research methods and design
Approval to conduct the study was obtained from the Ethics Committee of the Faculty of Health Sciences, University of the Free State in Bloemfontein, South Africa.
For this cross-sectional study, data from the urban AHA-FS study 24 Using randomly selected X-and Y-coordinates, 100 starting points were selected. Trained field workers approached five adjacent households from each starting point in order to obtain written informed consent from eligible adults (25-64 years). In the AHA-FS study, a variety of measurements, including body weight, height, waist and hip circumferences were taken, blood pressure was measured and blood samples were drawn for various biochemical tests. A subsample, with complete data sets for age, gender, blood pressure, body weight, height and HIV status, was included in this study.
Blood pressure was measured by a registered medical practitioner according to recognised guidelines. 25, 26 Hypertension was defined as systolic blood pressure of ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg. Participants using prescription medication for the management of hypertension at the time of the interview were also classified as hypertensive. 27,28 Waist circumference was measured with a non-stretch measuring tape, midway between the top of the superior iliac crest and the lowest rib in the mid-axillary line. 9 Waist circumference was interpreted according to WHO guidelines 9 as increased risk of metabolic complications at > 80 cm in women and > 94 cm in men; and as a substantiallyincreased risk of metabolic complications at a WC > 88 cm in women and > 102 cm in men. WHtR was determined by dividing WC (cm) by height (cm). A WHtR of ≥ 0.5 indicates an increased risk for non-communicable diseases (NCDs) in both genders. 15 Hip circumference was measured at the widest portion of the buttocks parallel to the floor, accurate to the nearest 5 mm. 27 Hip circumference and height were used to calculate BAI (see formula below), 17 which provides an accurate estimate of body fat percentage when compared to dual-energy X-ray absorptiometry (DXA). 
Statistical analysis
Analysis of data was performed with PASW (Predictive Analytics SoftWare) statistics software by SPSS version 18 (Chicago, SPSS Inc.). Frequencies and percentages were used to express categorical data. Means and standard deviations, or percentiles, as appropriate, were used to express quantitative variables. Comparisons of means were performed using t-tests. Chi-square tests, two-tailed Pearson correlations, point bi-serial correlations and multivariate logistic regression models were used to describe and test associations between variables; and relative risk of incidence was calculated. More than a third (39.8%; n = 135) of the sample was HIV-infected and the mean BMI was significantly lower (p < 0.001) in HIV-infected participants (24.9 ± 7.4 kg/m 2 ), compared with HIV-uninfected participants (29.6 ± 9.2 kg/ m 2 ). In 41.6% (n = 141) of individuals, systolic blood pressure was > 140 mmHg, whilst 46.6% (n = 158) had a diastolic blood pressure of > 90 mmHg, indicating hypertension. Approximately one quarter (25.4%; n = 86) of participants used antihypertensive medication at the time of the study. Consequently, 63.4% (57.9% [n = 44] men and 65.0% [n = 171] women) of the participants were classified as hypertensive.
Ethical considerations

Distribution of body fat indices
The distribution of body fat indices of the participants is summarised in Table 2 
Occurrence of hypertension in relation to age, gender and body fat indices
A major risk factor for increased arterial blood pressure is age. To assess the effect of age, participants were stratified according to mean age into two age groups, namely > 44 years (n = 172) and ≤44 years (n = 167). Hypertension was significantly more prevalent in the older group (χ 2 = 45.526; p < 0.0001). A relative risk for hypertension of 1.78 (95% confidence interval [CI] 1.48; 2.13) was calculated, indicating that the older group had a 78% higher risk of being hypertensive than the younger group. When genders were compared, controlling for age, the relative risk for hypertension was 2.4 (95% CI 1.47; 3.91) for men and 1.66 (95% CI 1.37; 2.01) for women. The occurrence of hypertension in relation to BMI categories is shown in Table 3 .
When stratified into low to normal BMI (< 25 kg/m 2 ; low risk) and overweight/obese BMI (> 25 kg/m 2 ; high risk), 76.5% (n = 143) of the overweight/obese group had hypertension, which was a significant finding (χ 2 = 30.611; p < 0.0001) in this group. After controlling for age, participants > 44 years with an overweight/obese BMI had a relative risk of 1.25 (95% CI 1.06; 1.46) of being hypertensive, compared with a normal/ underweight BMI. In the ≤44 years group, the relative risk of being hypertensive was 2.69 (95% CI 1.75; 4.15) when being overweight/obese versus being normal/underweight.
When applying a multivariate logistic regression model (mean arterial pressure as independent variable and age and BMI as dependent variables), BMI and age accounted for 14.8% of the change in arterial pressure. For every one year increase in age, or every 1 kg/m 2 increase in BMI, a 0.48 mmHg increase in mean arterial pressure could be expected (p < 0.001). An overweight/obese BMI was associated significantly (χ 2 = 144.533; p < 0.001) with high-risk WC (> 88 cm in women; > 102 cm in men). Based on a WHtR of ≥ 0.5, 19.7% (n = 15) of the men and 69.8% (n = 183) of the women were In Table 4 , the prevalence of hypertension according to WC categories is summarised, indicating an increased prevalence of hypertension with increasing WC for women (χ 2 = 32.062; p < 0.0001). An independent samples t-test confirmed that WC in the hypertensive group was significantly higher than the normotensive group and correlations showed that mean arterial blood pressure correlated significantly with WC in both men (r = 0.262; p < 0.05) and women (r = 0.382; p < 0.001).
When female participants were stratified according to WC as > 88 cm and ≤ 88 cm and controlled for age (< 44 years and ≥ 44 years), older women with high-risk WC had a relative risk of 1.29 (95% CI 1.08; 1.53) of being hypertensive; whilst younger women with high-risk WC had a relative risk of 2.22 (95% CI 1.56; 3.14) of being hypertensive.
Both WHtR (r = 0.357; p < 0.001) and BAI (r = 0.245; p < 0.001) correlated significantly with mean arterial blood pressure. A significant relation was found between a WHtR of ≥ 0.5 (increased risk) and the prevalence of hypertension (χ 2 = 43.057; p < 0.001). WHtR (r = 0.357) showed a stronger correlation with mean arterial pressure than BMI (r = 0.261) or BAI (r = 0.245).
HIV status and blood pressure
Mean arterial pressure was correlated inversely to HIV status (r = -0.217; p < 0.001). However, partial correlation indicated that this inverse association resulted from the effect of age and adiposity levels on blood pressure. When using a point bi-serial correlation, HIV status showed an inverse correlation with BMI (r = -0.262; p < 0.001), WC (r = -0.364; p < 0.001), WHtR (r = -0.299; p < 0.001), and BAI (r = -0.226; p < 0.001) in women.
Discussion
The prevalence of hypertension, which affected 63.4% of the total group in this low-income, urban, black population, compares with 61.8% reported for an African-American population older than 40 years. 30 The high prevalence of hypertension, especially amongst a population that included younger participants, raises concern.
More than half (55.1%; n = 187) of the participants had BMIs above normal (23.0% overweight; 32.1% obese). This is higher than the WHO estimate of 45.1% for the prevalence of overweight/obesity in the general South African population 27 and the 48% reported for South Africans from 18 companies participating in a health-risk screening programme. 31 For men, the prevalence of overweight/obesity was lower (18.4%) than the prevalence described for Free State men in the South African National Health and Nutrition Examination Survey study (25.3%), but for women, the prevalence was higher (65.8% vs 63.7%). 32 The mean BMI for this study (27.8 kg/m 2 ) 38 reporting a strong, significant, independent association of BMI with blood pressure. BMI in this study was related significantly (p < 0.001) to to WC. Black South African women had a similar mean WC (88.9 cm) than American women (88.5 cm). 37 In contrast, black South African men in our study had a lower mean WC (78.1 cm) than American men (95.6 cm). The incidence of high-risk WC was higher than the national data for urban black South Africans 34 (3.9% versus 3.1% for men; and 44.3% versus 39.1% for women). Charlton et al. 35 also described a higher mean WC in a black population, namely 92.6 cm in men and 92.4 cm in women.
Mashele et al. 39 found that, similar to our findings, urbanised hypertensive black South African men and women were typically older, more obese and had a larger WC compared with their normotensive counterparts.
Based on WHtR and BAI as obesity indices, a high percentage of participants in the current study were at increased risk for NCD. WHtR was increased in 58.6% (n = 198) of participants, whilst 76.3% (n = 258) of all participants had a BAI in the overweight/obese category. We found a slightly stronger association of hypertension with WHtR than with BMI and BAI, although all three indices were associated significantly with mean arterial blood pressure. These findings concur with a meta-analysis 40 reporting that measures of abdominal obesity were better predictors of cardiovascular disease risk than BMI. More importantly, however, WHtR could be seen as a simple tool to screen for hypertension in this particular community. At a primary healthcare level, the community could be taught to use a piece of string equal to their height; if the string cannot go around the waist at least twice, the risk for hypertension and other non-communicable diseases is reflected.
Almost 40% (n = 135) of participants in our study were infected with HIV. Although the prevalence of hypertension showed an inverse association with HIV status, this association was found to result from the lower body adiposity as represented by lower BMI, WHtR, BAI and WC, which are associated with HIV infection. A similar lack of significant associations between hypertension and HIV status has been reported previously. 19, 20, 21, 22, 23 A degree of bias is acknowledged. More women may have participated because the research was conducted during a week day, resulting in less men attending because of being formally employed. More ill people may have participated due to free medical examinations being conducted during the study.
Conclusion
Obesity, hypertension and HIV occurred commonly amongst participants in this study. The prevalence of hypertension was not influenced significantly by HIV status when adiposity was taken into account. WHtR was related significantly to mean arterial pressure and seemed to be a stronger predictor of mean arterial pressure than BMI or BAI. Obesity was more prevalent in women than men; and, in women, hypertension was related significantly to WC and BMI. These results support weight loss as the first line of intervention for the treatment and prevention of hypertension with its accompanying disease burden. We propose that WHtR may be an easy and practical way of screening for hypertension and motivating communities to decrease their waist circumference. Future research to assess the impact of a simple nutrition message, 'Stay healthy by keeping your waist circumference less than half of your height', is recommended.
